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SOME CHARACTERISTICS OF THE DERIVATIVES
OF TRICHLORMETHYLPHOSPHONIC ACID

A. Ya. Yakubovich, V. A. Ginsburg

Only the esters of trichlormethyl and trichlormethylphenylphosphonic acids
prepared by Kamay (1) with carbon tetrachloride by Arbuzov's reaction are well
known., wiile studying.the properties of chlormethyldichlorphosphine (2), we
found another method of synthesizing trichlorphosphine derivatives, which made
available varicus compounds of this type.

Chlormethyldichlorphosphine forms, through the actioh of a molar quantity
of chlorine, the normal tetrachloride CI1CHpPCly. With an excess of chlorine,

it halogenates easily and quantitatively further in the methyl radical as fol-
lows:

'::HECJ_.PCII2 —>q32(;J.PClh—> CHClZPclh—’ CCl3P01h '
Bromination takes place analogously but slower. Dichlormethyl-, trichlor-
methyl-, and (in bromination) chlorbromiethyltetrahalides of phosphorus thus ob-
talned were used for Zurther conversions. Upon hydrolysis, CPC1.PCl, and CHC1-
BrPClyBrp readily form the corresponding mcids. FPhosphorus tricﬁlo ethyltetra=-
chloride dissolvés very slowly in cold vater or 0.5N alkali. By dissolving Cflg-
PCly, or CC13POCL, in hot water, the crystalline monobasic acid of the composi.idn
cCl PO(C].)OE is dquantitatively formed, which is completely stable to hydrolysis.
w1tt3x aniline, this compound forms CC13PO{C1)0H'CgHsWH,. In an excess of a damp
ether solution of diazoethane, either the acid or ghe neutral ethyl ester of
trichlormethylphosphonic acid is formed depending on the composition of the mix-

ture; '
320
CClSPO(Cl_)OH—-—;— 00131’0(00255)03 + CpEgCl + 2K,
20H3CHN2
CC13P0(CC,Hs )JOH mzr CC13P0(0C,Hs ), + Ny
;
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This neutral ester can be obtained by the reaction C013P01h + hcalIsONO-»-
CCl3P0(002H5)2 + 4NOCL + (0255)20.

The diethyl ester was originally described by Kamay (1).

With the purpose of getting trichlorphosphonic acid, the saponification of
its esters under various conditions was studied, It developed that in an alkaline
mediwm (barium hydroxide) ‘the diethyl ester of trichlormethylphosphonic acid un-
dergoes splitting at the C-P bond with the formation of chleroform:

) H,0
. 2
———
CCl3P0(0R 12 Ba.(OH)2 00131{ +H3P0u + 202}15011

Saponification of the ester in cold 15% HC1 results in the Formation of the
above-described acid ester ccl3PO(OCEH JOH, even though the saponification may
have been carried out for a very long gime {2-3 months).

Free trichlormethylphosphonic acid (in the monohydrate form) forms in prac-
tically qusntitative yields:during the saponification of its esters in 15% HCl
at 140-150" for 3-4 hr. : ;3

Accordinq to' ‘Kamay's 'dhjb'a, the initial acid cannot be obtained by saponi-
fication of the esters of trichlormethylphosphonic acids. The reaction alleg-
edly is accompanied by a full decomposition of the ester and the formation of
phosphoric acid. ,-_Tl;ese agaertions, according to our data, are erroneous.

. o

Tricﬂomethjl’ﬁhbaph@b.scid is dibasic. Silver nitrate precipitates its
disilver salt, which. gl:l.ssdr'é'pa with difficulty in water. This salt decomposes
explosively under -1ight heating. On treating the acid with diazoaliphatic com~
Dounds, the corresponding esters are obtained.

In accord’a.ncé,viifh:ﬂ(aﬁa‘y's data, trichlormethylphosphonates reamct with
aniline as followsy. .. ...

o ne L .
- CCL3POLORY, ¢ HNHCGR, — CCL H + CgH.NHPO(0R),

We were unablé:to 'py\i_si'é.gtiafe‘this. The methyl and ethyl esters of tri-
chlormethylphosphot;;l}c" aiclidll-’"t{éhaved‘&‘l.ike vwhen heated with aniline in boiling
toluene, formi.hg'a;‘ii}‘ine;lfsulﬁ‘a_' ‘of acid esters of trichlormethylphosphonic acid.

Thus the. reagt‘iﬁ;}i{ sbéms’ fb' consist of the alkylation of aniline as follows;

°°1P°(§Fi)2 + 2CgHNH > cc131>o(0}1)0110615(5“2 + CgHNER

Experimex‘xta.lf,ﬁ‘dt:g ;seem to refute ™dd and Atherton's scheme for this
reaction (3). vihd

IR
In order:to eg‘ta,plisx: relationship between CCLyPO(CH)s and CC.3P0{C1)oH,
the conditions of their mutual transformation vere gound. Thus tri¢hlor-
methylphosphonic agdd monochloride, after being heated in a sealed tube with

HC1, becomes tzj_icpg.ﬁrb@ethytlpo‘sphonic acid. Treating the acid CCl PO(CH), with
an excess of RBCI: _-br"SOClsé‘. t;éeﬁ.tnot result in the expected acid chloride.” Heat-
ing the ester, Cpi}l’ OR)o With:the corresponding amount of BCls at 150° changes
the ester intd acli /di q}_:,\i;r;d'e » which, after hydrolysis, yields trichlormetbyl-
phosphonic dcid ‘monochlorig” ' Seme of the reactions of trichlormethyl derivatives
of phosphorus ‘can: 1aally +}lustrated as follows:

3
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ClL RONOC
PCl3 + CHpNp— CLCHQPCly — CC13PCl) ~——— CCl3PO(0R) 2€—CCL, + P(on)3
. \
Y
[e]
a o 2R
CC1;POCL N Mo~
3 2 O o
i<}
30 é“ °
& v
HC1+ B0

cc13Po((:1)on' -——f» 001390(05)2320
150

From other trichlormethyl derivatives of phosphorus wve obtained derivatives
of tri (trichlormethyl) phosphine. Thus, by treating tri (chlomethyl; phosphin~
oxide with phosphorus pentachloride we obtained the perchloride (CCl 3PCJ.2.
This substance, after boiling in alkali hydroxide , 8plits off at leasy One atom
of chlorine and becomes the oxychloride (CC13)3P(C1)OH. Treatment of the latter
in solution with aniline removes HCl:

~CL  CeHcoNH
cC1,) 6f5ha =
{cc 33y ———» (CCL)P = 0
Thus, introductlon of the trichlormethyl group at the phosphorus atom re-

sults in a number of peculiarities in the behavior of this type of organophos-
phorus compounds. The most important ones are:

1. GSharp decrease in the reactive capacity of the chlorine atom attached
to the phosphorus in respect to hydrolysis and ammonolysis.

2. Appearance of a specific reactive capacity of the C - P bond with re-
spect to alkalies, as illustrated by the fact that the CCl, - P group behaves
like the C013 - C or CC1l5 - Si groups, which in many caseé are capable of split-
ting off chldroform eaz iiy under the action of a strong base.

3. The introduction of halogenin, to the methyl group intensifies the aci-

dic properties, so that trichlormethylphosphonic acid is free to form the diani-
line salt.

4. The presence of the CCL group next to the phosphorus atom contributes
to the stability of the unususl g:Cg group. .

The listed features point to a similarity in chemical bebavior of trichlor-
methylphosphonic derivatives and compounds of the type of Boyd's acid
chloride(4, 5).

Table 1. Properties of the Obtained Organophosphorus Compounds

- 20
Compound Melting Pt Bp Denr "ty oy
CHC1,PCLy, Decomposes - _— -
CHCJ.QPO(OH)Q Sk -— . o
CEC1BrPO(OH) 5 2C6H5NH2 180-185 -- - -
decomposes
-3 -
5-E-C-R-E-T
ikl el ‘&:';‘-Wm W anc s el s el G, T M . -
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, , 20
Coapouns et r |z pemstty |7
CC1gPeY, 125, decomposes | -- ' -— —
ce1gpecy, ' 155 - - .
CC13P0(0cH; )% 3T 109-109.5/9 m) ag® = 1.4830| 1.4620
CC13P0(0C,Hy ), # - 122123 /13 up dé"‘ = 1.3720] 1.4620
CC13P0(0H),- Hp0 87 - - _
CC13P0(0R), Cghigh, | Above 220 -- - --
cc131=o(011)2-2c6H5mz2 Above 220 .- -- --
CC1520(04g), Explodes - - -
cc13po(c1)nnc635 13 - - -
c013poumcsns)2 172 - - -
CC23PO(0C ;) OR-
) 176, decomposes | -- -- -
0013Po(ocn3)03-c535m2 172, decomposee | -- - -

. CC13PO(C1)0H 9 - - -
CCl3P0(Cl)OH‘06H5NHE' 191, decomposes | -- - -
(c013)3pc12 190, decomposes | -- - -
(cc13)31>(cl)on 203 - . -
(0013)3P =0 53 - - -

W] . o] 1 -
- 80Descr1bed vy Kamay as a liquid boiling at 121°/12 m d05 = 1.450k; z%" =
**Described by Kamay as boiling at 122-123°/12 mm; déh S 1.3664; ng;h < 1.4585
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